
Closely Spaced Pregnancies Are Associated With
Increased Odds of Autism in California Sibling Births

WHAT’S KNOWN ON THIS SUBJECT: Autism has been associated
with pregnancy and birth complications that may indicate a
suboptimal prenatal environment. Although the interpregnancy
interval (IPI) may affect the prenatal environment, the association
between the IPI and risk for autism is not known.

WHAT THIS STUDY ADDS: Using full-sibling pairs from a large
population, the authors examined the association between
autism and IPIs. Second-born children conceived after an IPI of
�12 months had more than threefold increased odds of autism
relative to those with IPIs of�36 months.

abstract
OBJECTIVE: To determine whether the interpregnancy interval (IPI) is
associated with the risk of autism in subsequent births.

METHODS: Pairs of first- and second-born singleton full siblings were
identified from all California births that occurred from 1992 to 2002
using birth records, and autism diagnoses were identified by using
linked records of the California Department of Developmental Services.
IPI was calculated as the time interval between birth dates minus the
gestational age of the second sibling. In the primary analysis, logistic
regression models were used to determine whether odds of autism in
second-born children varied according to IPI. To address potential con-
founding by unmeasured family-level factors, a case-sibling control
analysis determined whether affected sibling (first versus second)
varied with IPI.

RESULTS: An inverse association between IPI and odds of autism
among 662 730 second-born children was observed. In particular, IPIs
of�12, 12 to 23, and 24 to 35 months were associated with odds ratios
(95% confidence intervals) for autism of 3.39 (3.00–3.82), 1.86 (1.65–
2.10), and 1.26 (1.10–1.45) relative to IPIs of�36 months. The associ-
ation was not mediated by preterm birth or low birth weight and per-
sisted across categories of sociodemographic characteristics, with
some attenuation in the oldest and youngest parents. Second-born
children were at increased risk of autism relative to their firstborn
siblings only in pairs with short IPIs.

CONCLUSIONS: These results suggest that children born after shorter
intervals between pregnancies are at increased risk of developing
autism; the highest risk was associated with pregnancies spaced�1
year apart. Pediatrics 2011;127:246–253
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The probability that environmental fac-
tors,1 in concert with genetics, are in-
volved in the etiology of autism holds
promise for the identification of modi-
fiable risk factors for the disorder. Ma-
ternal physiology comprises, to a large
extent, the fetal environment, and pre-
vious studies have found associations
between autism and obstetric and
perinatal complications implicating
that environment, including low birth
weight, prematurity, and indicators of
hypoxic conditions (reviewed in refs 2

and 3). Although the numerous studies
cited in these reviews have focused on
prenatal and perinatal factors, the
preconceptional factors shaping the
fetal environment have received less
attention. For women who have under-
gone a previous birth, the interpreg-
nancy interval (IPI) may affect physio-
logic parameters at the beginning of
subsequent pregnancies.

Understanding the association be-
tween IPIs and risk for autism may
shed light on the mechanisms or expo-
sures related to risk, as has occurred
for other outcomes. For instance, the
association of short IPIs with adverse
outcomes, including preterm birth,
low birth weight, and being small for
gestational age (which are also asso-
ciated with long IPIs),4,5 suggested nu-
tritional depletion (folate, in particu-
lar)6–8 as a potential mechanism,
whereas the association of long inter-
vals with preeclampsia and eclamp-
sia9 suggested that cardiovascular ad-
aptation10 could be at play. A precedent
for an association between short IPIs
and the development of neuropsychiat-
ric disorders exists with schizophre-
nia.11 The relationship between IPIs
and risk for autism, however, has not,
to our knowledge, been specifically
examined.

In this study we examined the associa-
tion between IPIs and autism by using
pairs of first- and second-born full-
sibling singleton births identified in a

large California population. We first
determined that the risk of autism in
second-born siblings varies according
to IPI preceding conception while con-
trolling for a range of potential con-
founders. We then applied a matched
case-sibling control design in a subset
of pairs to control for unmeasured
family-level factors, including parental
genetic background.

METHODS

Population

Information on all births occurring in
California from 1992 through 2002 was
obtained from California’s Birth Mas-
ter Files. Full siblings were identified
by exact matching their mother’s date
of birth, father’s date of birth, and a
variable representing the first letter of
themother’smaiden name (altered for
protection of identity). We identified
pairs of first- and second-born single-
ton full siblings, excluding those in in-
fant death files or where the sequence
of birth dates was not concordant with
sequence of reported maternal parity.
This resulted in the identification of
725 987 sibling pairs. For 96.3% of
these pairs, we were able to match the
first sibling’s birth date to the month
and year of last birth from the second
sibling’s record. Sensitivity analyses
using this restricted sample yielded
similar results and are not presented.
A total of 5861 of these pairs included 1
case subject with autism (as defined
below) and 1 control subject; 306 pairs
included 2 case subjects.

Variables obtained from the Birth Mas-
ter Files included maternal age, parity,
education, race/ethnicity, location of
birth, and payment source; the child’s
sex, birth date, and gestational age;
and paternal age. For each sibling pair,
the IPI was calculated as the number of
days elapsed between the date of the
first birth and the second, minus the
gestational age of the second infant.
Where gestational age was missing

(4.4%) or recorded values were �20
weeks (0.04%) or �44 weeks (2.6%),
pairs were excluded. Where a negative
IPI was the result (n� 33), pairs were
also excluded.

Diagnosis of autism was identified us-
ing case files of the Department of De-
velopmental Services (DDS). The DDS
provides services to people with au-
tism and other developmental disabil-
ities, such as mental retardation, epi-
lepsy, and cerebral palsy; other autism
spectrum disorders, including As-
perger syndrome and pervasive devel-
opmental disorders not otherwise
specified alone do not qualify someone
for services. It has previously been es-
timated that the DDS system includes
75% to 80% of children with autism in
the state.12 Clients with a DDS code of 1
(“autism, full syndrome”) or 2 (“au-
tism, residual state”) in the DDS elec-
tronic file at any time point, indicating
that they at some point met diagnostic
criteria for autism, were considered
as case subjects for this study.

Statistical Analysis

Distribution of IPIs was compared
graphically by case status within the
pair. Two sets of statistical analyses
were then conducted as described be-
low: a primary analysis using logistic
regression models and a secondary
case-sibling control analysis using
conditional logistic regression.

Logistic regression models were used
to examine the pattern of association
between IPIs and autism among
second-born children. Children who
had a firstborn sibling diagnosed with
autism were excluded to avoid bias
that could occur if autism in a first
child affected subsequent childbear-
ing. This might be more likely among
families with longer IPIs who have
more time to observe a first child be-
fore conceiving the second. Frequency
of case and control subjects and crude
and adjusted odds ratios (ORs) were
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calculated for 12-month strata of IPIs.
Observations with IPIs of �84 months
were collapsed into 1 category to avoid
having any stratum with fewer than 5
case subjects. Covariates in the ad-
justed model included sex, birth year,
parental ages (linear terms; use of cat-
egorical terms did not meaningfully al-
ter estimates), maternal education
(�12, 12, 13–16, or�16 years of edu-
cation), ethnicity (non-Hispanic white,
Hispanic, black, or other), birthplace
(California, Mexico, or other), and us-
ing Medi-Cal (California’s Medicare
system) as payment source for deliv-
ery (yes/no). To further explore the
shape of the association between IPIs
and autism, a model was fit represent-
ing IPIs by indicator variables for
3-month intervals (0–2 months, 3–5
months, etc) up to �60 months, and
results were plotted graphically.

On the basis of these analyses, a re-
duced model was selected with indica-
tor variables for IPIs �12 months, 12
to 23 months, and 24 to 35 months,
with IPIs of �36 months as the refer-
ent. To test whether the effect of IPIs
was mediated through preterm birth
or low birth weight, these variables
were added to the model and coeffi-
cients were examined for attenuation.
Because our definition of IPI was on the
basis of live-birth deliveries, an analy-
sis was restricted to pairs with no re-
port of previous pregnancy loss. Chil-
dren born in earlier years had a longer
time to receive a diagnosis. Because
the majority of children with autism in
this population who were born in 2002
would have received a diagnosis by
2006, we included births through 2002
in the primary analysis. Nonetheless,
we fit a model including only births in
the year 2000 or earlier and restricting
the case definition to those diagnosed
by the age of 6 years. To explore poten-
tial heterogeneity inmeasures of asso-
ciation, analyses were conducted
stratifying by each covariate. A test for

linear trend was conducted for each
model by including an ordinal term for
IPI category, and a Wald �2 statistic
was used to test for heterogeneity in
ORs across strata.13

To account for the potential of uncon-
trolled confounding by family-level fac-
tors associated with both IPIs and
autism, we additionally conducted a
case-sibling control analysis using
conditional logistic regression for sib-
ling pairs with 1 affected and 1 unaf-
fected member. This method capital-
izes on the fact that IPIs vary only for
the second-born sibling. In each pair,
either the first- or the second-born sib-
ling is affected. If there is no direct ef-
fect of IPI on the risk for autism, then
although families with shorter IPIs
may have higher rates of autism over-
all, no specific association with birth

order in those families would be ex-
pected. If a true effect of IPIs exists, we
would expect to observe it among
second-born siblings. Therefore, we
computed within-family estimates for
the association between birth order
(second- versus firstborn) and autism
according to IPI. Models included prod-
uct terms between birth order and IPI
variables. IPIs were parameterized us-
ing indicator variables, and covariates
included the child’s sex and birth year,
maternal and paternal ages as cate-
gorical variables, maternal education,
and Medi-Cal use. Maternal race and
birthplace were omitted because they
do not vary at the family level.

RESULTS

The cumulative distribution of IPIs is
shown in Fig 1. In full-sibling pairs in

FIGURE 1
Cumulative distribution of the IPIs for full-sibling pairs with 0 or 1 autism case subjects, among
California singleton births, 1992–2002. Autism diagnoses were identified by using records of the
California DDS.

TABLE 1 Frequency and ORs of California DDS Autism Classification by IPI Preceding Conception,
Among Second-Born Singletons From Full-Sibling Pairs Born Between 1992 and 2002 in
California, Where First Child Was Not Diagnosed With Autism

IPI, mo Control Subjects,
n (%)

Case Subjects,
n (%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)a

�12 154 846 (23.5) 1188 (37.9) 3.06 (2.47–3.78) 3.82 (3.07–4.74)
12–23 227 646 (34.5) 1090 (34.7) 1.91 (1.54–2.36) 2.10 (1.69–2.61)
24–35 138 244 (21.0) 469 (15.0) 1.35 (1.08–1.69) 1.42 (1.14–1.79)
36–47 70 858 (10.7) 209 (6.7) 1.17 (0.92–1.50) 1.21 (0.94–1.54)
48–59 36 242 (5.5) 91 (2.9) 1.00 1.00
60–71 17 850 (2.7) 51 (1.6) 1.14 (0.81–1.60) 1.12 (0.79–1.57)
72–83 8360 (1.3) —b —b 1.11 (0.71–1.74)
�84 5547 (0.8) —b —b 1.01 (0.58–1.75)
Total 659 593 (100) 3137 (100) — —
a Adjusted for the child’s sex and birth year; maternal and paternal ages; maternal education, race, and birth place; and
Medi-Cal as payment source for delivery.
b Data intentionally omitted due to small cell counts. Total count across both strata, n� 39.
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which neither was diagnosed with au-
tism, 23% had IPIs of�12 months, and
the median IPI was 20.8 months. IPIs
were shorter among pairs with autism
diagnoses; the median IPI was 19.2
months in cases where the case subject
was firstborn and 15.0 months in cases
where the case subject was second
born. The logistic regression analyses
below included the second-born siblings
from the pairs with no case subjects
(“controls”) and pairs with 1 case sub-
ject whowas second born (“cases”). The
case-sibling control analyses included
all pairs with 1 case subject who was
either first or second born.

Association Between IPIs and
Autism in Second-Born Siblings

A total of 662 730 sibling pairs were
identified in which the firstborn child
was not diagnosed with autism, and

complete information was available on
IPIs and covariates. Table 1 shows the
distribution of IPIs in 12-month inter-
vals, by case status of the second child.
Unadjusted odds of autism were 3.06,
1.91, and 1.35 times greater in children
born after IPIs of�12, 12 to 23, and 24
to 35 months, respectively, relative to
those born after IPIs of 48 to 59
months. Among control subjects,
shorter IPIs were associated with sev-
eral factors also associated with a
lower risk of autism, such as younger
parental ages, lower maternal educa-
tion, Medi-Cal enrollment, and earlier
birth year. Adjusting for covariates
strengthened themagnitude of the IPI–
autism association, particularly for
IPIs of�12 months (OR: 3.82 [95% con-
fidence interval (CI): 3.07–4.74]). ORs
for IPI categories of �36 months did

not differ significantly from 1.0 or from
each other. A consistent pattern of as-
sociation was observed with finer time
intervals (Fig 2).

Because there was no significant varia-
tion in ORs for IPIs of�36months, these
categories were condensed, and a re-
duced model was fit with indicator vari-
ables for IPIs of �12 months, 12 to 23
months, and 24 to 35months, with IPIs of
�36 months as the referent. In this
model, IPIs of�12 months were associ-
atedwith amore than threefold elevated
odds of autism (OR: 3.39 [95% CI: 3.00–
3.82]) after adjusting for covariates (Ta-
ble 2). The ORs for IPIs of 12 to 23 and 24
to 36 months were also statistically
significant at 1.86 and 1.26, respec-
tively. Both preterm birth and low birth
weight were significantly associated
with IPIs of�12 months (�2 P� .001);
however, there was no evidence that
the IPI–autism association was medi-
ated by these factors (Table 2). Exclud-
ing observations with a reported his-
tory of maternal pregnancy loss or
termination resulted in similar OR es-
timates (Table 2). When births after
2000 were excluded and the case def-
inition was restricted to diagnosis by
the age of 6 years to ensure equiva-
lent follow-up time for all case sub-
jects, results were similar; however,
the OR for IPIs of 24 to 36 months was
not statistically significant (Table 2).

Stratified analyses (Table 3) revealed
an inverse association between IPI and

FIGURE 2
ORs and 95% CIs for autism according to IPI preceding conception, among 662 730 second-born
singletons from full-sibling pairs born between 1992 and 2002 in California, where the first child was
not diagnosed with autism. Calculated using logistic regression models adjusted for sex, birth year,
parental ages, maternal education, ethnicity, birth place and Medi-Cal use. IPIs were modeled using
indicator variables for 3-month intervals. Autism diagnoses were identified using records of the
California DDS.

TABLE 2 Sensitivity Analysis for Association Between California DDS Autism Classification and IPI Preceding Conception in Second-Born Singletons From
Full-Sibling Pairs Born Between 1992 and 2002 in California, Where the First Child Was Not Diagnosed With Autism

IPI, mo Full Sample, Adjusted OR (95% CI)a No Reported Terminations,
Adjusted OR (95% CI)b

Autism Diagnosis by 6 y of Age,
Adjusted OR (95% CI)c

IPI� 12, mo 3.39 (3.00–3.82) 3.39 (3.00–3.82) 3.39 (3.00–3.82) 3.43 (2.99–3.93) 3.46 (2.97–4.04)
IPI 12–23, mo 1.86 (1.65–2.10) 1.86 (1.66–2.10) 1.87 (1.66–2.10) 1.87 (1.64–2.14) 1.80 (1.54–2.10)
IPI 24–35, mo 1.26 (1.10–1.45) 1.26 (1.10–1.45) 1.27 (1.10–1.45) 1.32 (1.13–1.54) 1.16 (0.98–1.39)
�36, mo 1.00 1.00 1.00 1.00 1.0
Birth weight� 2500 g — 1.09 (0.89–1.33) — — —
Preterm birth — — 1.20 (1.06–1.36) — —

All models were adjusted for the child’s sex and birth year; maternal and paternal ages; maternal education, race, and birth place; and Medi-Cal as payment source for delivery.
a Analyses included full sample of 662 730 births.
b Analysis included 544 084 births to women with no reported history of spontaneous or induced terminations of pregnancy.
c Analysis included 494 925 births in the year 2000 or earlier, classifying as case subjects only children who received a DDS diagnosis of autism by their sixth birthday.
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odds of autism within all categories.
Tests of linear trendwere highly signif-
icant (P � .01) in all strata except for
paternal age younger than 20 years,
which included relatively few observa-
tions. Significant heterogeneity was
observed in OR estimates for IPIs of

�12 months for maternal and pater-
nal ages. For both maternal and pater-
nal age, the highest ORs appeared in
the 25- to 29-year strata; the smallest
ORs appeared among the youngest and
oldest parents. Marginally significant
heterogeneity was also observed ac-

cording to maternal race and accord-
ing to Medi-Cal enrollment.

Case-Sibling Control Analysis

A total of 5327 full-sibling pairs with
complete data on IPIs and covariates
were identified in which 1 of 2 sib-

TABLE 3 Odds of California DDS Autism Classification by IPI Preceding Conception, Among Second-Born Singletons From Full-Sibling Pairs Born Between
1992 and 2002 in California, Where the First Child Was Not Diagnosed With Autism, Stratified According to Sociodemographic and Case
Characteristics

Stratum-Specific Adjusted OR (95% CI)

IPI,�12 mo IPI, 12–23 mo IPI, 24–35 mo IPI,�36 mo

All observations 3.39 (3.00–3.82) 1.86 (1.65–2.10) 1.26 (1.10–1.45) 1.00
Child sex
Male 3.33 (2.92–3.80) 1.82 (1.60–2.07) 1.24 (1.07–1.44) 1.00
Female 3.71 (2.74–5.02) 2.10 (1.56–2.83) 1.37 (0.98–1.93) 1.00
Phet .52 — — —
Birth year
1993–1996 2.47 (1.70–3.60) 1.40 (0.96–2.03) 0.86 (0.57–1.28) 1.00
1997–1999 3.77 (3.12–4.56) 2.03 (1.68–2.46) 1.44 (1.16–1.78) 1.00
2000–2002 3.24 (2.71–3.88) 1.76 (1.47–2.10) 1.22 (1.00–1.50) 1.00
Phet .13 — — —
Maternal age, y

�20 3.16 (0.99–10.1) 2.47 (0.77–7.98) 1.41 (0.39–5.08) 1.00
20–24 3.95 (2.93–5.32) 2.17 (1.60–2.94) 1.32 (0.93–1.87) 1.00
25–29 4.25 (3.36–5.37) 2.34 (1.85–2.95) 1.37 (1.05–1.80) 1.00
30–34 3.34 (2.70–4.14) 1.65 (1.34–2.04) 1.23 (0.97–1.56) 1.00
�35 2.46 (1.87–3.23) 1.49 (1.16–1.92) 1.20 (0.91–1.59) 1.00
Phet .04 — — —
Paternal age, y

�20 2.03 (0.27–15.2) 1.72 (0.23–13.1) 1.30 (0.14–11.8) 1.00
20–24 3.75 (2.44–5.79) 1.99 (1.28–3.10) 1.37 (0.83–2.25) 1.00
25–29 4.32 (3.36–5.56) 2.37 (1.84–3.05) 1.38 (1.03–1.86) 1.00
30–34 3.37 (2.70–4.21) 1.73 (1.39–2.16) 1.31 (1.02–1.67) 1.00
35–39 3.72 (2.87–4.81) 2.02 (1.57–2.60) 1.43 (1.08–1.90) 1.00
�40 1.89 (1.37–2.61) 1.33 (0.99–1.79) 0.83 (0.58–1.19) 1.00
Phet .00 — — —
Maternal education, y

�12 3.12 (2.21–4.40) 2.63 (1.88–3.67) 1.44 (0.96–2.14) 1.00
12 4.03 (3.18–5.12) 2.33 (1.83–2.96) 1.37 (1.04–1.80) 1.00
13–16 3.34 (2.80–3.99) 1.71 (1.44–2.04) 1.16 (0.95–1.42) 1.00
�16 2.94 (2.16–3.99) 1.37 (1.02–1.85) 1.27 (0.92–1.76) 1.00
Phet .37 — — —
Maternal race
White 2.94 (2.42–3.56) 1.45 (1.21–1.76) 1.14 (0.92–1.41) 1.00
Hispanic 4.02 (3.29–4.91) 2.41 (1.97–2.95) 1.25 (0.98–1.59) 1.00
Black 2.34 (1.33–4.09) 1.76 (1.02–3.03) 1.64 (0.91–2.96) 1.00
Other 3.51 (2.68–4.60) 2.01 (1.54–2.63) 1.39 (1.02–1.88) 1.00
Phet .08 — — —
Mother’s birth place
California 3.27 (2.77–3.85) 1.64 (1.40–1.93) 1.21 (1.01–1.45) 1.00
Mexico 4.45 (3.34–5.93) 2.80 (2.10–3.73) 1.41 (1.00–1.99) 1.00
Other 3.06 (2.44–3.84) 1.91 (1.52–2.38) 1.26 (0.97–1.63) 1.00
Phet .11 — — —
Medi-Cal
Yes 2.75 (2.11–3.59) 2.21 (1.69–2.87) 1.28 (0.94–1.75) 1.00
No 3.63 (3.17–4.15) 1.80 (1.58–2.06) 1.27 (1.09–1.48) 1.00
Phet .07 — — —

Phet, P value for test of heterogeneity. All models in were adjusted for child’s sex and birth year; maternal and paternal ages; maternal education, race, and birth place; and Medi-Cal as
payment source for delivery.

250 CHESLACK-POSTAVA et al



lings had received a DDS autism di-
agnosis. ORs and 95% CIs for autism
in the second-born compared with
the firstborn sibling, according to IPI,
are plotted in Fig 3. This figure shows
that for short IPIs of �12 months,
second-born siblings are at an in-
creased risk of autism relative to their
firstborn siblings. For IPIs of 3 to 5
months, 6 to 8 months, and 9 to 11
months, the ORs are statistically signif-
icant (ORs [95% CIs]: 2.03 [1.51–1.83],
2.28 [1.71–3.05], and 2.13 [1.56–2.89],
respectively). ORs then show a pattern
of decline through IPIs of 18 to 20
months; however, CIs are wide and in-
clude 1.0, indicating that at higher IPIs,
second-born children are not at signif-
icantly greater risk of autism relative
to their firstborn siblings.

DISCUSSION

This study provides evidence that IPIs
of�24 months are associated with in-
creased odds of autism in second-born
children. Using pairs of full-sibling sin-
gleton births drawn from a large Cali-
fornia population, we found an inverse
association between autism and IPIs,
with the greatest risk occurring for
IPIs of �12 months. The association
was not mediated by preterm birth or
low birth weight and persisted across
categories of sociodemographic char-
acteristics, with some attenuation in
the oldest and youngest parents. A

case-sibling control analysis addition-
ally suggests that although confound-
ing by family-level factors may be
present, it does not entirely account
for the association, particularly for
IPIs of�12 months. To our knowledge,
this is the first study to specifically ad-
dress the association between IPIs and
autism risk.

One possible explanation for this asso-
ciation is some alteration of maternal
physiology associated with IPI. The as-
sociation of short IPIs with adverse
pregnancy outcomes including low
birth weight and preterm birth has
been investigated previously, with ma-
ternal nutritional depletion, in particu-
lar of folate, representing a leading hy-
pothesis.8 Folate is required during
pregnancy for DNA synthesis and cell
division. Without supplementation, se-
rum and erythrocyte levels decrease
from midpregnancy.14 O’Rourke et al15

found that erythrocyte folate levels,
which aremore representative of long-
term status than serum levels, de-
clined through at least 12months post-
partum. Our observation of the
greatest relative odds of autism in
second-born siblings in pregnancies
after intervals of�1 year, with a rapid
decline thereafter, is consistent with
the hypothesis that folate status might
also be related to autism risk. How-
ever, other possible mechanisms,

such as maternal levels of iron and
polyunsaturated fatty acids16 or
stress17 should also be considered.
Some attenuation of the IPI–autism as-
sociation occurred among younger
and older parents, which suggests an
explanatory mechanism that is less
correlated with IPIs in these groups.
Dilution by greater baseline risk may
also occur among children of older
parents.12,18

Use of administrative records of the
California DDS for identification of au-
tism represents a strength of the
study, facilitating population-based
analyses over 11 years of birth records
from this populous and diverse state.
However, inclusion as a case subject
depends on seeking services and re-
ceiving a qualifying diagnosis, with
previous reports estimating that 75%
to 80% of people with autism in Califor-
nia register with the DDS.19 This could
potentially bias estimates if there was
differential diagnosis with autism or
use of DDS services by IPI. For example,
parents of children similar in age may
be more attuned to typical develop-
ment and any delays in the second. In
some,20,21 although not all,22 studies
parents of children with autism have
reported first having concerns about
their child’s development earlier when
there was an older sibling. If this ex-
plains some of the association ob-
served here, it may indicate a need for
increased attention to developmental
surveillance, especially where parents
are less familiar with patterns of typi-
cal development. If this were the pri-
mary explanation for our results, we
could expect a stronger effect among
less severe cases, with the reasoning
that more severe cases are less likely
to escape diagnostic attention. Case
subjects with a comorbid diagnosis of
mental retardation had an OR for IPIs
of �12 months of 3.51 (95% CI: 2.73–
4.49) compared with 3.25 (95% CI:
2.82–3.75) for those with no recorded

FIGURE 3
ORs and 95% CIs for the association of autism and birth order (second versus first) according to IPI
among 5327 singleton full-sibling pairs born in California between 1992 and 2002. Model adjusted for
the child’s sex, birth year, maternal and paternal ages (categorical variables), Medi-Cal use, and
maternal education. Autism diagnoses were identified using records of the California DDS.
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mental retardation diagnosis, sug-
gesting that this is not the case. How-
ever, because a child with autism and
mental retardation may not have both
diagnoses in the DDS record,23 this
merits additional investigation with
more accurate measures of severity.
Additional limitations related to the ad-
ministrative nature of the data include
potential errors in matching siblings
and misestimation of IPIs because of
incorrect reporting of gestational age.
Although we took steps to minimize
these sources of error, we cannot rule
them out. To the extent to which such
errors lead to nondifferential misclas-
sification of IPIs, we would expect esti-
mates to be biased toward the null.
Thismay explain why ORs for IPIs of�6
months are lower than those between
6 and 12 months (Figs 2 and 3), if the
shortest IPIs are more likely to be mis-
classified values.

Another concern is that autism diagno-
sis or symptoms in a first child may
impact the decision to have a second
child (“stoppage”) and that this would
bemore likely with longer IPIs. To avoid
potential bias this would induce, we in-
cluded in logistic regression analyses
only subjects whose first sibling did
not have an autism diagnosis; if the
firstborn child does not have autism,
stoppage cannot effect whether a sec-
ond child is born. Our results, there-
fore, pertain to simplex families;
whether differences would be ob-
served in multiplex families or
whether affected families in our sam-
ple later included additional children
with autism is not addressed by our
analyses. This approach could not be
applied to the case-sibling control
analysis (Fig 3), which rests on com-
paring diagnoses in first- versus
second-born siblings. If stoppage
among families with longer IPIs re-
sulted in the observation of fewer
pairs with affected firstborn children,
we would expect ORs to be biased up-

ward at longer IPIs. Because we ob-
serve elevated ORs at short, rather
than long, IPIs, such a bias is unlikely to
explain the results.

As in any epidemiologic study, this as-
sociation could arise through uncon-
trolled confounding if families who
tend to have shorter IPIs are also at
greater risk of autism for other rea-
sons (ie, parental genetic or hormonal
factors or social influence on both au-
tism diagnosis and decisions regard-
ing family structure). We were able to
analytically address family-level con-
founders (those to which all siblings
within a family are equally exposed). If
an unmeasured family-level factor as-
sociated with short IPIs and risk for
autism was primarily responsible for
the observed association, we would ex-
pect equal risk in first- and second-
born children, because they are
equally exposed. The fact that instead
we see second-born siblings at dispro-
portionately greater risk for short IPIs
indicates that this is not the case. On
the other hand, we cannot rule out con-
founding by unmeasured individual-
level factors that vary between chil-
dren within families. Social24 and
environmental25,26 exposures have
been associated with autism diagnosis
in this population and may vary be-
tween children in families who move.
However, we have no specific reason to
believe that these are causally associ-
ated with IPIs.

Only first- and second-born children
were included in this study. IPI as a
preconceptional “exposure” is defined
only for the second children; however,
it may be correlated with measures
that are relevant for all children or
may serve as a marker at the family
level of unmeasured factors associ-
ated with autism risk. An exploratory
analysis of 122 202 third-born children
whose previous 2 siblings did not have
autism yielded an adjusted OR of 2.09
(95% CI: 1.47–2.97) for IPIs of �12 vs

�36months (ORs for 12–23 and 24–35
months did not significantly differ
from 1.0), which suggests that an in-
creased risk of autism at shorter IPIs
persists for later-born children.

Finally, sibling pairs were included
only if they were both born in Califor-
nia, with the same parents, within the
time window from 1992 to 2002. These
results may not pertain to half-siblings
or other geographic locales. If nutri-
tional factors are involved, the associ-
ation may depend, for example, on
background nutritional status of the
population, use of supplements, and
prevalence of breastfeeding that may
vary across populations. If differential
recognition is involved, it may depend
on medical and educational practices
and general awareness among par-
ents. We did not have the data to ad-
dress these factors in the current
analysis.

CONCLUSIONS

This study provides evidence of an in-
verse association between IPIs and au-
tism risk, with a more than threefold
elevated odds in pregnancies con-
ceivedwithin a year of a previous birth.
This finding is particularly important
given trends in birth spacing in the
United States. Between 1995 and 2002,
the proportion of births occurring
within 24 months of a previous birth
increased from 11% to 18%.27 Closely
spaced births occur in some part be-
cause of unintended pregnancies but
also by choice, particularly among
women who delay childbearing.28,29

Therefore, additional research to con-
firm this association in other popula-
tions and to undercover underlying
mechanisms is particularly critical.
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